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API COMMUNICATIONS FOR VERTEX AND 
PIXEL SHADERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/937,031, ?led Sep. 9, 2004, entitled 
“API COMMUNICATIONS FOR VERTEX AND PIXEL 
SHADERS”, Which is a continuation of US. patent appli 
cation Ser. No. 09/801,079, ?led Mar. 6, 2001, now US. Pat. 
No. 6,819,325, entitled, “API COMMUNICATIONS FOR 
VERTEX AND PIXEL SHADERS”, Which claims priority 
to US. Provisional Patent Application Ser. No. 60/187,535, 
?led Mar. 7, 2000, entitled, “ASSEMBLY LANGUAGE 
FOR PROCEDURAL SHADERS IN AN IMMEDIATE 
MODE GRAPHICS API”. The entireties of the aforemen 
tioned applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to a three dimen 
sional (3-D) graphics application programming interface 
(API) that provides neW and improved methods and tech 
niques for communications betWeen application developers 
and procedural shaders, such as vertex and pixel shaders. 

BACKGROUND OF THE INVENTION 

[0003] Computer systems are commonly used for display 
ing graphical objects on a display screen. The purpose of 
three dimensional (3-D) computer graphics is to create a 
tWo-dimensional (2-D) image on a computer screen that 
realistically represents an object or objects in three dimen 
sions. In the real World, objects occupy three dimensions. 
They have a real height, a real Width and a real depth. A 
photograph is an example of a 2-D representation of a 3-D 
space. 3-D computer graphics are like a photograph in that 
they represent a 3-D World on the 2-D space of a computer 
screen. 

[0004] Images created With 3-D computer graphics are 
used in a Wide range of applications from video entertain 
ment games to aircraft ?ight simulators, to portray in a 
realistic manner an individual’s vieW of a scene at a given 
point in time. Well-known examples of 3-D computer graph 
ics include special effects in HollyWood ?lms such as 
Terminator II, Jurassic Park, Toy Story and the like. 

[0005] One industry that has seen a particularly tremen 
dous amount of groWth in the last feW years is the computer 
game industry. The current generation of computer games is 
moving to 3-D graphics in an ever increasing fashion. At the 
same time, the speed of play is driven faster and faster. This 
combination has fueled a genuine need for the rapid ren 
dering of 3-D graphics in relatively inexpensive systems. 

[0006] Rendering and displaying 3-D graphics typically 
involves many calculations and computations. For example, 
to render a 3-D object, a set of coordinate points or vertices 
that de?ne the object to be rendered must be formed. 
Vertices can be joined to form polygons that de?ne the 
surface of the object to be rendered and displayed. Once the 
vertices that de?ne an object are formed, the vertices must 
be transformed from an object or model frame of reference 
to a World frame of reference and ?nally to 2-D coordinates 
that can be displayed on a ?at display device, such as a 
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monitor. Along the Way, vertices may be rotated, scaled, 
eliminated or clipped because they fall outside of a vieWable 
area, lit by various lighting schemes and sources, coloriZed, 
and so forth. The processes involved in rendering and 
displaying a 3-D object can be computationally intensive 
and may involve a large number of vertices. 

[0007] To create a 3-D computer graphical representation, 
the ?rst step is to represent the objects to be depicted as 
mathematical models Within the computer. 3-D models are 
made up of geometric points Within a coordinate system 
consisting of an x, y and Z axis; these axes correspond to 
Width, height, and depth respectively. Objects are de?ned by 
a series of points, called vertices. The location of a point, or 
vertex, is de?ned by its x, y and Z coordinates. When three 
or more of these points are connected, a polygon is formed. 
The simplest polygon is a triangle. 

[0008] 3-D shapes are created by connecting a number of 
2-D polygons. Curved surfaces are represented by connect 
ing many small polygons. The vieW of a 3-D shape com 
posed of polygon outlines is called a Wire frame vieW. In 
sum, the computer creates 3-D objects by connecting a 
number of 2-D polygons. Before the 3-D object is ultimately 
rendered on a 2-D display screen, hoWever, the data of 
sophisticated graphics objects undergoes many different 
mathematical transformations that implicate considerably 
specialiZed equations and processing unique to 3-D repre 
sentation. 

[0009] As early as the 1970s, 3-D rendering systems Were 
able to describe the “appearance” of objects according to 
parameters. These and later methods provide for the param 
eteriZation of the perceived color of an object based on the 
position and orientation of its surface and the light sources 
illuminating it. In so doing, the appearance of the object is 
calculated therefrom. Parameters further include values such 
as di?‘use color, the specular re?ection coe?icient, the specu 
lar color, the re?ectivity, and the transparency of the material 
of the object. Such parameters are globally referred to as the 
shading parameters of the object. 

[0010] Early systems could only ascribe a single value to 
shading parameters and hence they remained constant and 
uniform across the entire surface of the object. Later systems 
alloWed for the use of non-uniform parameters (transparency 
for instance) Which might have different values over differ 
ent parts of the object. TWo prominent and distinct tech 
niques have been used to describe the values taken by these 
non-uniform parameters on the various parts of the object’s 
surface: procedural shading and texture mapping. Texture 
mapping is pixel based and resolution dependent. 

[0011] Procedural shading describes the appearance of a 
material at any point of a 1-D, 2-D or 3-D space by de?ning 
a function (often called the procedural shader) in this space 
into shading parameter space. The object is “immersed” in 
the original 1-D, 2-D or 3-D space and the values of the 
shading parameters at a given point of the surface of the 
object are de?ned as a result of the procedural shading 
function at this point. For instance, procedural shaders that 
approximate appearance of Wood, marble or other natural 
materials have been developed and can be found in the 
literature. 

[0012] The rendering of graphics data in a computer 
system is a collection of resource intensive processes. The 
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process of shading i.e., the process of performing complex 
techniques upon set(s) of specialized graphics data struc 
tures, used to determine values for certain primitives, such 
as color, etc. associated With the graphics data structures, 
exempli?es such a computation intensive and complex pro 
cess. For each application developer to design these shading 
techniques for each program developed and/or to design 
each program for potentially varying third party graphics 
hardWare Would be a Herculean task, and Would produce 
much inconsistency. 

[0013] Consequently, generally the process of shading has 
been normalized to some degree. By passing source code 
designed to Work With a shader into an application, a shader 
becomes an object that the application may create/utiliZe in 
order to facilitate the e?icient draWing of complex video 
graphics. Vertex shaders and pixel shaders are examples of 
such shaders. 

[0014] Prior to their current implementation in specialiZed 
hardWare chips, vertex and pixel shaders Were sometimes 
implemented Wholly or mostly as softWare code, and some 
times implemented as a combination of more rigid pieces of 
hardWare With software for controlling the hardWare. These 
implementations frequently contained a CPU or emulated 
the existence of one using the system’s CPU. For example, 
the hardWare implementations directly integrated a CPU 
chip into their design to perform the processing functionality 
required of shading tasks. While a CPU adds a lot of 
?exibility to the shading process because of the range of 
functionality that a standard processing chip o?‘ers, the 
incorporation of a CPU adds overhead to the specialiZed 
shading process. Without today’s hardWare state of the art, 
hoWever, there Was little choice. 

[0015] Today, though, existing advances in hardWare tech 
nology have facilitated the ability to move functionality 
previously implemented in softWare into specialiZed hard 
Ware. As a result, today’s pixel and vertex shaders are 
implemented as specialiZed and programmable hardWare 
chips. Exemplary hardWare designs of vertex and pixel 
shader chips are shoWn in FIGS. 1A and 1B, and are 
described later in more detail. These vertex and pixel shader 
chips are highly specialiZed and thus do not behave as CPU 
hardWare implementations of the past did. 

[0016] Thus, a need has arisen for a 3-D graphics API that 
exposes the specialiZed functionality of today’s vertex and 
pixel shaders. In particular, since present vertex shaders are 
being implemented With a previously unheard of one hun 
dred registers, it Would be advantageous to have a register 
index for indexing the registers of the vertex shader. Also, 
since realistic simulations require the precision of ?oating 
point numbers, it Would be advantageous to provide spe 
cialiZed vertex shading functionality With respect to the 
?oating point numbers at a register level. For example, it 
Would be desirable to implement an instruction set that 
causes the extremely fast vertex shader to return only the 
fractional portion of ?oating point numbers. Similarly, With 
respect to pixel shaders, it Would be desirable to provide 
specialiZed pixel shading functionality as Well. More par 
ticularly, it Would be desirable to provide a function that 
performs a linear interpolation mechanism. Furthermore, it 
Would be desirable to use operation modi?ers in connection 
With an instruction set tailored to pixel shaders. For 
example, negating, remapping, biasing, and other function 
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ality Would be extremely useful for many graphics applica 
tions for Which e?icient pixel shading is desirable, yet as 
they are executed as part of a single instruction they are best 
expressed as modi?ers to that instruction. In short, the above 
functionality Would be advantageous for a lot of graphics 
operations, and their functional incorporation into already 
specialiZed pixel and vertex shader sets of instructions 
Would add tremendous value from the perspective of ease of 
development and improved performance. 

SUMMARY OF THE INVENTION 

[0017] In vieW of the foregoing, the present invention 
provides a three-dimensional (3-D) API for communicating 
With hardWare implementations of vertex shaders and pixel 
shaders having local registers. With respect to vertex shad 
ers, API communications are provided that may make use of 
an on-chip register index and API communications are also 
provided for a specialiZed function, implemented on-chip at 
a register level, Which outputs the fractional portion(s) of 
input(s). With respect to pixel shaders, API communications 
are provided for a specialiZed function, implemented on 
chip at a register level, that performs a linear interpolation 
function and API communications are provided for special 
iZed modi?ers, also implemented on-chip at a register level, 
that perform modi?cation functions including negating, 
complementing, remapping, biasing, scaling and saturating. 
Advantageously, the API communications of the present 
invention expose very useful on-chip graphical algorithmic 
elements to a developer While hiding the details of the 
operation of the vertex shader and pixel shader chips from 
the developer. 

[0018] Other features of the present invention are 
described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The system and methods for netWork data replica 
tion are further described With reference to the accompany 
ing draWings in Which: 

[0020] FIG. 1A is a block diagram representing an exem 
plary vertex shader design in connection With Which the 
invention may be implemented; 

[0021] FIG. 1B is a block diagram representing an exem 
plary pixel shader design in connection With Which the 
invention may be implemented; 

[0022] FIG. 2 is a block diagram representing a suitable 
computing system environment in Which the present inven 
tion may be implemented; 

[0023] FIG. 3 is a block diagram representing an exem 
plary netWork environment in Which the present invention 
may be implemented; 

[0024] FIG. 4 is a block diagram illustrating a bypassing 
of host memory resources and the utiliZation of a register 
index in accordance With an exemplary API of the present 
invention; 
[0025] FIG. 5A is a diagram illustrating exemplary com 
munications of a frac instruction to a vertex shader 20011 in 
accordance With the present invention; 

[0026] FIG. 5B is a block diagram illustrating an exem 
plary technique for taking the fractional portion of ?oating 
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point numbers implemented in connection With a hardware 
vertex shader in accordance With the present invention; 

[0027] FIG. 6A is a diagram illustrating exemplary com 
munications of a lrp instruction to a pixel shader 20019 in 
accordance With the present invention; 

[0028] FIG. 6B is a graphical representation of the exem 
plary communications of a lrp instruction to a pixel shader 
20019 in accordance With the present invention; 

[0029] FIG. 6C is a block diagram illustrating an exem 
plary linear interpolation technique for ?oating point num 
bers implemented in connection With a hardWare pixel 
shader in accordance With the present invention; 

[0030] FIG. 7A is a chart labeling exemplary modi?er 
instructions in accordance With the present invention; and 

[0031] FIG. 7B is a block diagram illustrating exemplary 
modi?er techniques for modifying ?oating point numbers 
implemented in connection With a hardWare pixel shader in 
accordance With the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0032] The present invention provides a 3-D graphics 
application programming interface (API) enabling software 
applications to control hardWare in a Way that is intuitive to 
softWare designers. This neW method represents the hard 
Ware registers that control ?xed function logic as a set of 
procedural instructions. This enables it to provide a consis 
tent programming model for ?xed-function hardWare as Well 
as for hardWare that actually supports programmability. 

[0033] The present invention provides a 3-D graphics 
application programming interface (API) providing neW and 
improved methods and techniques for communications 
betWeen application developers and 3-D hardWare such as 
vertex and pixel shaders. 

[0034] As related in the background, the specialiZed 
nature of today’s graphics requirements creates a need for 
improved interfaces that can easily and e?iciently exploit the 
ultra high performance characteristics of 3-D chips. One 
aspect of the 3-D API of the present invention is the 
incorporation of sophisticated programmable shading capa 
bilities via “programmable shaders”. In this current model, 
there are tWo programmable shaders de?ned: vertex shaders 
and pixel shaders. Programmable vertex shaders can be used 
for operations such as complex environment mapping, pro 
cedural geometry such as displacement meshes, and 
enhanced matrix palette skinning Which enables more real 
istic characters e.g., by making knees look like knees When 
the leg bends, rather than having the leg appear as a rigid 
collection of line segments. Programmable pixel shaders 
also enable a number of interesting graphical effects such as 
true re?ective bump mapping, a variety of per-pixel lighting 
algorithms, including distributed light sources, and special 
effects. This opens up the possibility of hardWare-acceler 
ated procedural textures i.e., textures that are calculated, 
rather than stored as bitmaps. The present invention ?lls a 
gap With respect to interfacing With a hardWare program 
mable pixel shader. The 3-D API of the present invention 
thus delivers 3-D programmers or developers the perfor 
mance equivalent of register-level access to the hardWare on 
a high performance graphics card Without having to knoW 
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the internal speci?cations of the card. While at the same time 
presenting complex hardWare to the developer as a small 
processor (ALU), a paradigm that all softWare developers 
Work With daily. The present invention Was thus developed 
in an effort to ease these types of tasks via a 3-D graphics 
API in vieW of the sophisticated nature of today’s game’s 
rendering quality requirements. 

[0035] FIGS. 1A and 1B illustrate, in more detail, exem 
plary modern hardWare procedural shader architectures. 
FIG. 1A illustrates an exemplary vertex shader 200a having 
an arithmetic/ logic unit (ALU) 210a, vertex data inputs V0 
through VX, registers R0 through RY, constant registers 
Const0 through ConstZ and the various outputs Hpos, TCO 
through TC3, Color0 and Color1. FIG. 1B illustrates an 
exemplary pixel shader 2001) having an ALU 210b, inputs 
(outputs from vertex shader 200a) such as Hpos, TCO 
through TC3 and color inputs d0 and d1. Pixel shader 2001) 
includes texture registers t1 to t3, constant registers CO 
through CZ, temp registers r0 and r1 and output pixel value 
P. To fully realiZe these capabilities, hoWever, there is a need 
for an e?icient API placed betWeen a developer and modern 
hardWare procedural shaders 200 having high performance 
local register processing and storage, Wherein the API lever 
ages the on-chip characteristics and possible neW tech 
niques, While hiding the details of graphics board operation 
from the developer. 

Exemplary Computer and NetWork Environments 

[0036] FIG. 2 and the folloWing discussion are intended to 
provide a brief general description of a suitable computing 
environment in Which the invention may be implemented. 
Although not required, the invention Will be described in the 
general context of computer-executable instructions, such as 
program modules, being executed by one or more comput 
ers, such as client Workstations, servers or other devices. 
Generally, program modules include routines, programs, 
objects, components, data structures and the like that per 
form particular tasks or implement particular abstract data 
types. Typically, the functionality of the program modules 
may be combined or distributed as desired in various 
embodiments. Moreover, those skilled in the art Will appre 
ciate that the invention may be practiced With other com 
puter system con?gurations. Other Well knoWn computing 
systems, environments, and/or con?gurations that may be 
suitable for use With the invention include, but are not 
limited to, personal computers (PCs), server computers, 
hand-held or laptop devices, multi-processor systems, 
microprocessor-based systems, programmable consumer 
electronics, netWork PCs, minicomputers, mainframe com 
puters, gaming platforms and the like. The invention may 
also be practiced in distributed computing environments 
Where tasks are performed by remote processing devices that 
are linked through a communications netWork or other data 
transmission medium. In a distributed computing environ 
ment, program modules may be located in both local and 
remote computer storage media including memory storage 
devices. 

[0037] FIG. 2 illustrates an example of a suitable com 
puting system environment 100 in Which the invention may 
be implemented. The computing system environment 100 is 
only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 
use or functionality of the invention. For example, graphics 
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application programming interfaces may be useful in a Wide 
range of platforms. Neither should the computing environ 
ment 100 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary operating environment 
100. 

[0038] With reference to FIG. 2, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a computer 110. Compo 
nents of computer 110 may include, but are not limited to, 
a processing unit 120, a system memory 130, and a system 
bus 121 that couples various system components including 
the system memory 130 to the processing unit 120. The 
system bus 121 may be any of several types of bus structures 
including a memory bus or memory controller, a peripheral 
bus, and a local bus using any of a variety of bus architec 
tures. By Way of example, and not limitation, such archi 
tectures include Industry Standard Architecture (ISA) bus, 
Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus (also knoWn as MeZZanine bus). 

[0039] Computer 110 typically includes a variety of com 
puter-readable media. Computer-readable media can be any 
available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, and removable 
and non-removable media. By Way of example, and not 
limitation, computer-readable media may comprise com 
puter storage media and communication media. Computer 
storage media includes both volatile and nonvolatile, remov 
able and non-removable media implemented in any method 
or technology for storage of information such as computer 
readable instructions, data structures, program modules or 
other data. Computer storage media includes, but is not 
limited to, random access memory (RAM), read only 
memory (ROM), EEPROM, ?ash memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium Which can be used to store the desired 
information and Which can accessed by computer 110. 
Communication media typically embodies computer-read 
able instructions, data structures, program modules or other 
data in a modulated data signal such as a carrier Wave or 
other transport mechanism and includes any information 
delivery media. The term “modulated data signal” means a 
signal that has one or more of its characteristics set or 
changed in such a manner as to encode information in the 
signal. By Way of example, and not limitation, communi 
cation media includes Wired media such as a Wired netWork 
or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of any of the above should also be included Within the 
scope of computer-readable media. 

[0040] The system memory 130 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as ROM 131 and RAM 132. A basic input/output 
system 133 (BIOS), containing the basic routines that help 
to transfer information betWeen elements Within computer 
110, such as during start-up, is typically stored in ROM 131. 
RAM 132 typically contains data and/or program modules 
that are immediately accessible to and/or presently being 
operated on by processing unit 120. By Way of example, and 
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not limitation, FIG. 2 illustrates operating system 134, 
application programs 135, other program modules 136, and 
program data 137. 

[0041] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 2 illustrates a hard 
disk drive 141 that reads from or Writes to non-removable, 
nonvolatile magnetic media, a magnetic disk drive 151 that 
reads from or Writes to a removable, nonvolatile magnetic 
disk 152, and an optical disk drive 155 that reads from or 
Writes to a removable, nonvolatile optical disk 156, such as 
a CD-ROM or other optical media. Other removable/non 
removable, volatile/nonvolatile computer storage media that 
can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, ?ash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 141 is typically connected to the system bus 121 
through an non-removable memory interface such as inter 
face 140, and magnetic disk drive 151 and optical disk drive 
155 are typically connected to the system bus 121 by a 
removable memory interface, such as interface 150. 

[0042] The drives and their associated computer storage 
media discussed above and illustrated in FIG. 2, provide 
storage of computer-readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 2, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145, 
other program modules 146, and program data 147. Note 
that these components can either be the same as or different 

from operating system 134, application programs 135, other 
program modules 136, and program data 137. Operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147 are given different numbers 
here to illustrate that, at a minimum, they are different 
copies. Auser may enter commands and information into the 
computer 110 through input devices such as a keyboard 162 
and pointing device 161, commonly referred to as a mouse, 
trackball or touch pad. Other input devices (not shoWn) may 
include a microphone, joystick, game pad, satellite dish, 
scanner, or the like. These and other input devices are often 
connected to the processing unit 120 through a user input 
interface 160 that is coupled to the system bus 121, but may 
be connected by other interface and bus structures, such as 
a parallel port, game port or a universal serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the system bus 121 via an interface, such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices such as speakers 
197 and printer 196, Which may be connected through an 
output peripheral interface 195. 

[0043] The computer 110 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180. The 
remote computer 180 may be a personal computer, a server, 
a router, a netWork PC, a peer device or other common 
netWork node, and typically includes many or all of the 
elements described above relative to the computer 110, 
although only a memory storage device 181 has been 
illustrated in FIG. 2. The logical connections depicted in 
FIG. 2 include a local area netWork (LAN) 171 and a Wide 
area netWork (WAN) 173, but may also include other 
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networks. Such networking environments are commonplace 
in of?ces, enterprise-wide computer networks, intranets and 
the Internet. 

[0044] When used in a LAN networking environment, the 
computer 110 is connected to the LAN 171 through a 
network interface or adapter 170. When used in a WAN 
networking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the Internet. 
The modem 172, which may be internal or external, may be 
connected to the system bus 121 via the user input interface 
160, or other appropriate mechanism. In a networked envi 
ronment, program modules depicted relative to the computer 
110, or portions thereof, may be stored in the remote 
memory storage device. By way of example, and not limi 
tation, FIG. 2 illustrates remote application programs 185 as 
residing on memory device 181. It will be appreciated that 
the network connections shown are exemplary and other 
means of establishing a communications link between the 
computers may be used. 

[0045] As mentioned, a computer, such as described 
above, can be deployed as part of a computer network. 
Further, the present invention pertains to any computer 
system having any number of memory or storage units, and 
any number of applications and processes occurring across 
any number of storage units or volumes. Thus, the present 
invention may apply to both server computers and client 
computers deployed in a network environment, having 
remote or local storage. More and more, graphics applica 
tions are becoming deployed in network environments. FIG. 
3 thus illustrates an exemplary network environment, with a 
server in communication with client computers via a net 
work, in which the present invention may be employed. As 
shown, a number of servers 10a, 10b, etc., are intercon 
nected via a communications network 14 (which may be a 
LAN, WAN, intranet or the Internet) with a number of client 
computers 110a, 110b, 1100, etc. In a network environment 
in which the communications network 14 is the Internet, for 
example, servers 10 can be Web servers with which the 
clients 10a, 10b, etc. communicate via any of a number of 
known protocols such as hypertext transfer protocol 
(HTTP). The invention may also leverage peer to peer 
networking techniques. Each client computer 110 and server 
computer 10 may be equipped with various application 
program modules 135, other program modules 136 and 
program data 137, and with connections or access to various 
types of storage elements or objects, across which ?les may 
be stored or to which portion(s) of ?les may be downloaded 
or migrated. Each client computer 110 and server computer 
10 may also be connected to additional storage elements 20, 
such as a database. Thus, the present invention can be 
utiliZed in a computer network environment having client 
computers for accessing and interacting with a network and 
server computers 10a, 10b, etc. for interacting with client 
computers. 

API for Vertex and Pixel Shaders 

[0046] The present invention provides software applica 
tion programming interfaces (APIs) for use in connection 
with the architectures for the specialiZed hardware imple 
mentations of today’s vertex and pixel shaders, respectively. 
Pixel and vertex shaders give a more realistic and higher 
quality end result. The present invention is directed to an 

Nov. 2, 2006 

API that incorporates the features and power of the 
advanced rendering techniques of pixel and vertex shaders. 

[0047] Similar to the way that RISC architectures de?ne a 
novel minimal instruction set for processing use, the present 
invention provides minimal and ef?cient sets of syntax for 
unique instructions used in connection with communications 
of today’s vertex and pixel shaders. There are several unique 
functions that have been expressed for use with such pro 
cedural shaders which are of tremendous value in graphics 
applications to both developers whose coding is greatly 
simpli?ed and to users of graphics applications that reap the 
performance bene?t. In particular, these procedural shaders 
do not access main memory or a stack on the host system, 
but rather perform their operations efficiently with respect to 
a set of local registers. In accordance with the present 
invention, an ef?cient instruction set has been designed to 
exploit the performance advantages of this architecture. 
FIG. 4 illustrates the 3-D API 400 of the present invention, 
whereby there is no requirement to access main memory 
13011 or stack 410 of host 110 in order to communicate with 
graphics IC 200 at a register level. Thus, API 400 enables a 
developer D1 to interface with shader 200 and its associated 
registers and bypass the relatively slower accessing and 
processing of data in host memory 13011 or stack 410. 

[0048] Two main improvements with respect to vertex 
shader communications include the use of an on-chip reg 
ister index RI and the implementation of a function that 
returns the fractional portion of ?oating point number(s) 
processed at the register level. While the use of indices in 
connection with mapping to elements stored in host main 
memory is known, the concept of using an index to map 
registers of a vertex shader 20011 has never been imple 
mented in 3-D hardware. This is an outgrowth of the 
ef?ciency of bypassing main memory 130a described above. 
Today’s vertex shader 200a design includes, for example, 
approximately one hundred registers. In an exemplary 
implementation, there are 16 input registers, 96 constant 
registers, 12 temporary registers, 1 address register and 
output registers corresponding to each rasteriZer. These 
registers are in memory ‘banks’ or ‘?les’, such as register 
storage 450. Previously there was no memory accessible 
inside the vertex shader 200a, and thus the implementation 
and storage of a register index RI inside the vertex shader 
20011 is new and advantageous for fast access and local 
mapping to the elements stored in the registers of the vertex 
shader 200a. 

[0049] In a preferred embodiment, the register index RI 
may be stored in a register ?le and the register ?le is utiliZed 
in connection with the instructions delivered by API 400 of 
the present invention. The register index RI is stored in a 
memory bank that has a counter which points to the appro 
priate registers for various arguments of instructions that are 
passed into the vertex shader 200a via API 400. Similarly, 
the index RI can be placed into an array or any other data 
structure suitable to mapping arguments to registers for use 
in processing operations of the vertex shader 200a. Thus, the 
use of a register index RI inside the vertex shader 20011 in 
accordance with the present invention provides local fast 
access to vertex shader registers 450, and otherwise 
improves vertex shader performance. API 400 facilitates the 
use of the register index RI by providing commands under 
standable to the graphics board or procedural shader 200, 
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While hiding any particular details regarding addressing and 
use of the register index RI from the developer. 

[0050] Furthermore, a special instruction for use in con 
nection With today’s vertex shader designs that has never 
before been implemented as part of a unique set of instruc 
tions for a vertex shader language includes the function frc, 
Which takes ?oating point number(s) as argument(s). As 
illustrated in FIG. 5A, frc uniquely returns multiple frac 
tional parts of numbers e.g., if presented With 3.14259, it 
returns 0.14259 e?fectively truncating olf anything to the left 
of the decimal point. In a preferred embodiment, it, like the 
other instructions, takes a single 4-element vector input 
argument and returns a 4-element vector of corresponding 
fractional parts. Previously, to perform this operation, addi 
tional host resources Were implicated, and this operation 
could not leverage the high performance characteristics of 
direct IC register access. 

[0051] FIG. 5B illustrates exemplary communications 
betWeen a 3-D graphics API of a host computing system and 
a hardWare vertex shader With on-chip register storage. At 
500, the function frc is called by the API as a result of a 
developer’s or some other code that invokes the function 
ality of the API. At 510, the instruction and argument data 
are sent to the vertex shader 20011 in a format understood by 
the vertex shader 200a. At 520, vertex shader 200a carries 
out thecfrc function by utiliZing on-chip register storage, a 
processor and an arithmetic/logic unit. In an exemplary 
embodiment, ?oating point numbers are utilized in connec 
tion With calculations. 

[0052] With respect to the improvement of communica 
tions With specialiZed hardWare pixel shaders 200b, a special 
instruction for use in connection With today’s pixel shader 
designs that has never before been implemented as part of a 
unique set of instructions for a pixel shader language 
includes the function lrp, Which performs a linear interpo 
lation technique. As illustrated in the example of FIG. 6A, 
the lrp function, taking three inputs or arguments (s0, s1 and 
s2) and returning one output (d), performs the transformation 
d=(so)*sl+(l —so)*s2 Which essentially represents the propor 
tion so betWeen s1 and s2, Wherein so is betWeen 0 and 1. 
FIG. 6B is a graphical representation of the exemplary 
functionality of FIG. 6A, illustrating the computation of 
point d betWeen s1 and s2. The lrp operation is useful in 
connection With a myriad of graphics operations, including 
blend and fade, for example. While previously this operation 
could be performed by utiliZing host processing, and/or 
through multiple instruction custom coding of a softWare 
technique to perform this task, never before has this opera 
tion been able to leverage the high performance, register 
level access characteristics of a hardWare pixel shader 200b. 

[0053] FIG. 6C illustrates exemplary communications 
betWeen a 3-D graphics API of a host computing system and 
a hardWare pixel shader With on-chip register storage. At 
600, the function lrp is called by the API as a result of a 
developer’s or some other code that invokes the function 
ality of the API. At 610, the instruction and argument data 
are sent to the pixel shader 20019 in a format understood by 
the pixel shader 2001). At 620, pixel shader 200!) carries out 
the lrp function by utiliZing on-chip register storage, a 
processor and an arithmetic/logic unit. In an exemplary 
embodiment, ?oating point numbers are utiliZed in connec 
tion With calculations. 
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[0054] There is also a set of unique modi?ers for support 
ing the various instructions used in connection With pixel 
shaders 20019. The prior art does not teach the use of 
modi?ers in connection With an instruction set tailored to 
register level access to hardWare pixel shaders 20019. For 
exemplary modi?ers, —sl negates s1, and l-sl provides the 
complement of s1. The modi?er _bx2 performs a remap 
function y=(x—0.5)*2 and the modi?er _bias provides stick 
bias i.e., it performs the remap function y=(x—0.5) Which 
takes as an input a number previously betWeen 0 and l and 
centers it betWeen —0.5 and 0.5. Still other operation modi 
?ers include _sat, _x2, ix4 and _d2. _sat is a saturation 
modi?er that clamps a result to the range from 0 to 1. _x2, 
_x4 and _d2 are scaling modi?ers for inputs, Whereby the 
output is scaled by tWo times, four times, and one-half of the 
input value, respectively. In short, these are advantageous 
modi?ers in graphics operations, and have sometimes been 
custom coded by the developer to achieve the desired 
results. In accordance With the present invention, the above 
listed modi?er techniques can utiliZe the ultra high speed 
processing and register storage resident on today’s pixel 
shader IC graphics chips, thereby avoiding the use of costly 
host processing, or more generally, sloWer CPU processing. 
The incorporation of these modi?ers into an already spe 
cialiZed pixel shader set of instructions for a hardWare pixel 
shader 2001) adds tremendous value from the perspective of 
ease of development and improved performance. They 
enable a programmer expecting a softWare paradigm to have 
a clear idea of the cost of each instruction executed. This is 
because in most hardWare implementations they are per 
formed in the same logical clock-cycle as an instruction, so 
representing them to the programmer as separate instruc 
tions Would make them appear to consume additional clock 
cycles. As illustrated in FIG. 7A, the special modi?er 
functions of the present invention include negator M1, 
complementor M2, remapper M3, stick biasor M4, satura 
tion modi?er M5 and scalors M6 to M8. 

[0055] FIG. 7B illustrates exemplary communications 
betWeen a 3-D graphics API of a host computing system and 
a hardWare pixel shader With on-chip register storage. At 
700, a special modi?er function is called by the API as a 
result of a developer’s or some other code that invokes the 
functionality of the API. At 710, the modi?er function and 
argument data are sent to the pixel shader 20019 in a format 
understood by the pixel shader 2001). At 720, pixel shader 
200!) carries out the special modi?er function by utiliZing 
on-chip register storage, a processor and an arithmetic/logic 
unit. In an exemplary embodiment, ?oating point numbers 
are utiliZed in connection With calculations. 

[0056] Some exemplary code or de?nitional pseudocode 
for a procedural shader, such as a vertex shader, is provided 
beloW. The declaration portion of an exemplary procedural 
shader de?nes the static external interface of the procedural 
shader. The information in the declaration includes assign 
ments of vertex shader input registers to data streams. These 
assignments bind a speci?c vertex register to a single 
component Within a vertex stream. A vertex stream element 
is identi?ed by a byte o?‘set Within the stream and a type. 
The type speci?es the arithmetic data type plus the dimen 
sionality (l, 2, 3, or 4 values). Stream data that is less than 
four values are preferably expanded out to four values With 
Zero or more 0.F values and one l.F value. 
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[0057] The information in the declaration also includes 
assignment of vertex shader input registers to implicit data 
from the primitive tessellator. This controls the loading of 
vertex data Which is not loaded from a stream, but rather is 
generated during primitive tessellation prior to the vertex 
shader. 

[0058] Moreover, the information in the declaration also 
includes loading data into the constant memory at the time 
a procedural shader is set as the current procedural shader. 
Each token speci?es values for one or more contiguous 4 
DWORD constant registers. This alloWs the procedural 
shader to update an arbitrary subset of the constant memory, 
overWriting the device state (Which contains the current 
values of the constant memory). Note that these values can 
be subsequently overWritten (betWeen DraWPrimitive calls) 
during the time a procedural shader is bound to a device via 
the SetVertexShaderConstant method. 

[0059] Declaration arrays are single-dimensional arrays of 
DWORDs composed of multiple tokens each of Which is 
one or more DWORDs. The single DWORD token value 
OXFFFFFFFF is a special token used to indicate the end of 
the declaration array. The single DWORD token value 
0x00000000 is a NOP token With is ignored during the 
declaration parsing. Note that 0x00000000 is a valid value 
for DWORDs folloWing the ?rst DWORD for multiple Word 
tokens. 

[0060] [31 :29] TokenType 
[0061] 0x0iNOP (requires all DWORD bits to be 

Zero) 
[0062] 0x1istream selector 

[0063] 0x2istream data de?nition (map to vertex input 
memory) 

[0064] 
[0065] 
[0066] 
[0067] 
[0068] 

be 1) 

[0069] NOP Token (single DWORD token) 

[0070] [3129] 0X0 

[0071] [28:00] 0X0 
[0072] Stream Selector (single DWORD token) 

[0073] [3129] 0X1 
[0074] [28] indicates Whether this is a tessellator stream 

[0075] [2704] 0X0 
[0076] [03:00] stream selector (0.15) 

[0077] Stream Data De?nition (single DWORD token) 

[0078] Vertex Input Register Load 

[0079] [3129] 0X2 

[0080] [28]0X0 
[0081] [2720] 0X0 
[0082] [19:16] type (dimensionality and data type) 

[0083] [1504] 0X0 
[0084] [03:00] vertex register address (0.15) 

0x3ivertex input memory from tessellator 

0x44constant memory from shader 

0x54extension 

0x6ireserved 

0x74end-of-array (requires all DWORD bits to 
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[0085] Data Skip (no register load) 

[0086] [3129] 0X2 

[0087] [28]0Xl 
[0088] [2720] 0X0 
[0089] [19:16] count of DWORDS to skip over (0.15) 

[0090] [1500] 0X0 
[0091] Vertex Input Memory from Tessellator Data (single 
DWORD token) 

[0092] [3129] 0X3 
[0093] [28] indicates Whether data is normals or u/v 

[0094] [2724] 0X0 
[0095] [23:20] vertex register address (0.15) 

[0096] [19: 16] type (dimensionality) 
[0097] [1504] 0X0 
[0098] [03:00] vertex register address (0.15) 

[0099] Constant Memory from Shader (multiple DWORD 
token) 

[0100] [3129] 0X4 
[0101] [28:25] count of 4*DWORD constants to load 

(0.15) 
[0102] [2407] 0X0 
[0103] [06:00] constant memory address (0.95) 

[0104] Extension Token (single or multiple DWORD 
token) 

[0105] [3129] 0X5 
[0106] [28:24] count of additional DWORDs in token 

(0.31) 
[0107] [23:00] extension-speci?c information 

[0108] End-of-array token (single DWORD token) 

[0109] [3129] 0X7 

[0111] The stream selector token is desirably folloWed by 
a contiguous set of stream data de?nition tokens. This token 
sequence fully de?nes that stream, including the set of 
elements Within the stream, the order in Which the elements 
appear, the type of each element, and the vertex register into 
Which to load an element. 

[0112] Streams are alloWed to include data Which is not 
loaded into a vertex register, thus alloWing data Which is not 
used for this shader to exist in the vertex stream. This 
skipped data is de?ned only by a count of DWORDs to skip 
over, since the type information is irrelevant. 

[0113] The token sequence: 

Stream Select: stream=0 

Stream Data De?nition (Load): type=FLOAT3; register=3 

Stream Data De?nition (Load): type=FLOAT3; register=4 

Stream Data De?nition (Skip): count=2 

Stream Data De?nition (Load): type=FLOAT2; register=7 

[0114] de?nes stream Zero to consist of four elements, 
three of Which are loaded into registers and the fourth 
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skipped over. Register 3 is loaded With the ?rst three 
DWORDs in each vertex interpreted as FLOAT data. Reg 
ister 4 is loaded With the fourth, ?fth, and sixth DWORDs 
interpreted as FLOAT data. The next tWo DWORDs (sev 
enth and eighth) are skipped over and not loaded into any 
vertex input register. Register 7 is loaded With the ninth and 
tenth DWORDS interpreted as FLOAT data. 

[0115] Placing of tokens other than NOPs betWeen the 
Stream Selector and Stream Data De?nition tokens is dis 
alloWed. 

[0116] While the above exemplary computer-executable 
instructions have been described in the context of a proce 
dural shader, these concepts and principles may be applied 
to any 3D hardWare rendering device utiliZed in connection 
With a graphics display system. 

[0117] The term graphics data as used herein is intended to 
cover not only video and/or audio data in any pre-processed, 
processed or compressed form, but is additionally intended 
to cover communications of data of any kind along the 
graphics pipeline among the developer, the softWare inter 
face of the present invention and various hardWare and/or 
softWare components utiliZed incident to the graphics sys 
tem. 

[0118] The various techniques described herein may be 
implemented With hardWare or softWare or, Where appropri 
ate, With a combination of both. Thus, the methods and 
apparatus of the present invention, or certain aspects or 
portions thereof, may take the form of program code (i.e., 
instructions) embodied in tangible media, such as ?oppy 
diskettes, CD-ROMs, hard drives, or any other machine 
readable storage medium, Wherein, When the program code 
is loaded into and executed by a machine, such as a 
computer, the machine becomes an apparatus for practicing 
the invention. In the case of program code execution on 
programmable computers, the computer Will generally 
include a processor, a storage medium readable by the 
processor (including volatile and nonvolatile memory and/or 
storage elements), at least one input device, and at least one 
output device. One or more programs are preferably imple 
mented in a high level procedural or object oriented pro 
gramming language to communicate With a computer sys 
tem. HoWever, the program(s) can be implemented in 
assembly or machine language, if desired. In any case, the 
language may be a compiled or interpreted language, and 
combined With hardWare implementations. 

[0119] The methods and apparatus of the present invention 
may also be embodied in the form of program code that is 
transmitted over some transmission medium, such as over 
electrical Wiring or cabling, through ?ber optics, or via any 
other form of transmission, Wherein, When the program code 
is received and loaded into and executed by a machine, such 
as an EPROM, a gate array, a programmable logic device 
(PLD), a client computer, a video recorder or the like, the 
machine becomes an apparatus for practicing the invention. 
When implemented on a general-purpose processor, the 
program code combines With the processor to provide a 
unique apparatus that operates to perform the indexing 
functionality of the present invention. For example, the 
storage techniques used in connection With the present 
invention may invariably be a combination of hardWare and 
softWare. 

[0120] While the present invention has been described in 
connection With the preferred embodiments of the various 
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?gures, it is to be understood that other similar embodiments 
may be used or modi?cations and additions may be made to 
the described embodiment for performing the same function 
of the present invention Without deviating therefrom. One 
skilled in the art Will recogniZe that the present invention is 
not limited to the hardWare pixel shader and vertex shader 
designs illustrated and described above, but rather the inven 
tion applies to the incorporation of specialiZed syntax and 
novel functionality into an API for communicating With any 
ultra high performance graphics hardWare chips that have 
register level processing. In such circumstances and accord 
ing to the present invention, the functions, syntax and the 
desirability of their use remains applicable. Furthermore, it 
should be emphasiZed that a variety of computer platforms, 
including handheld device operating systems and other 
application speci?c operating systems are contemplated, 
especially as the number of Wireless netWorked devices 
continues to proliferate. Therefore, the present invention 
should not be limited to any single embodiment, but rather 
construed in breadth and scope in accordance With the 
appended claims. 

What is claimed is: 
1. A computing system for communicating betWeen a 3-D 

graphics API of a host computing system having a main 
memory stack and a 3-D graphics hardWare rendering device 
having on-chip register storage, comprising: 

means for receiving at least one instruction having at least 
one graphics data argument by the 3-D graphics API of 
the host computing system; 

means for formatting said at least one instruction for the 
register storage of the hardWare rendering device; 

means for providing said at least one formatted instruction 
to the hardWare rendering device; 

means for processing said at least one graphics data 
argument, pursuant to said at least one formatted 
instruction, by the hardWare rendering device; and 

means for outputting the result of said processed at least 
one graphics data argument by the means for process 
ing from said hardWare rendering device in accordance 
With said at least one formatted instruction. 

2. The computing system of claim 1, further comprising 
means for storing a register index in the on-chip register 
storage. 

3. The computing system of claim 1, Wherein said at least 
one instruction is an instruction With at least one ?oating 
point number argument and said means for outputting 
includes means for outputting from the hardWare rendering 
device the fractional portion of said at least one ?oating 
point number. 

4. The computing system of claim 1, Wherein said at least 
one instruction is an instruction With a plurality of ?oating 
point number arguments and said means for processing 
includes means for processing the plurality of ?oating point 
number arguments to calculate a number representative of a 
linear interpolation betWeen tWo of the ?oating point num 
ber arguments. 

5. The computing system of claim 1, Wherein said at least 
one instruction is an instruction With a plurality of ?oating 
point number arguments and said means for outputting 
includes means for outputting a ?oating point number rep 



US 2006/0244753 A1 

resentative of a linear interpolation between two of the 
?oating point number arguments. 

6. The computing system of claim 1, wherein said at least 
one instruction includes a special modi?er function to be 
performed during said processing of the graphics data by 
means for processing of the hardware rendering device, the 
special modi?er function including at least one of a negating 
modi?er, complementing modi?er, remapping modi?er, 
stick biasing modi?er, saturating modi?er and scaling modi 
?er. 

7. A computer-readable medium bearing computer 
executable instructions for communicating between a 3-D 
graphics API of a host computing system having a main 
memory stack and a hardware procedural shader having 
on-chip register storage, comprising: 
means for receiving at least one instruction having at least 

one graphics data argument by the 3-D API of the host 
computing system; 

means for formatting said at least one instruction for use 
with the hardware procedural shader; 

means for providing said at least one formatted instruction 
to said hardware procedural shader; 

means for processing said at least one graphics data 
argument, pursuant to said at least one formatted 
instruction, by the hardware procedural shader; and 

means for outputting the result of said processed at least 
one graphics data argument from said hardware proce 
dural shader in accordance with said at least one 
formatted instruction. 

8. The computer readable medium of claim 7, further 
comprising means for storing a register index in the on-chip 
register storage of the procedural shader, wherein the pro 
cedural shader is a vertex shader. 

9. The computer readable medium of claim 8, further 
comprising means for accessing the register index stored in 
the on-chip register storage and ?nding another register of 
the register storage to be used incident to carrying out said 
at least one instruction by said hardware vertex shader. 

10. The computer readable medium of claim 7, wherein 
the procedural shader is a vertex shader, and wherein said at 
least one instruction is an instruction with at least one 
?oating point number argument and said means for output 
ting includes means for outputting from the vertex shader 
the fractional portion of said at least one ?oating point 
number. 

11. The computer readable medium of claim 7, wherein 
the procedural shader is a pixel shader, and wherein said at 
least one instruction is an instruction with a plurality of 
?oating point number arguments and said means for pro 
cessing includes means for processing the plurality of ?oat 
ing point number arguments to calculate a number repre 
sentative of a linear interpolation between two of the ?oating 
point number arguments. 
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12. The computer readable medium of claim 7, wherein 
the procedural shader is a pixel shader, and said at least one 
instruction is an instruction with a plurality of ?oating point 
number arguments and said means for outputting includes 
means for outputting a ?oating point number representative 
of a linear interpolation between two of the ?oating point 
number arguments. 

13. The computer readable medium of claim 7, wherein 
the procedural shader is a pixel shader, and wherein said at 
least one instruction includes a special modi?er function to 
be performed during said processing by the means for 
processing of the graphics data by the arithmetic/logic unit 
of the pixel shader. 

14. The computer readable medium of claim 13, wherein 
said special modi?er function performed during said pro 
cessing by said means for processing is at least one of a 
negating modi?er, complementing modi?er, remapping 
modi?er, stick biasing modi?er, saturating modi?er and 
scaling modi?er. 

15. A computing device comprising the computer-read 
able medium of claim 7. 

16. A computer system, comprising: 

hardware rendering means for rendering graphics data 
having on-chip register storage means; 

a host computing system having stored thereon interface 
means for communicating at least one instruction hav 
ing at least one graphics data argument formatted for 
the register storage means of said hardware rendering 
means to said hardware rendering means; 

wherein said hardware rendering means receives said at 
least one instruction; and 

wherein the hardware rendering means processes said at 
least one graphics data argument incident to the per 
formance of said at least one instruction and said 
hardware rendering means outputs the result of the 
processing. 

17. The computer system of claim 16, wherein said at 
least one graphics data argument is formatted to be 
remapped to the register state of the register storage means. 

18. The computer system of claim 16, wherein said at 
least one instruction is communicated directly to said hard 
ware rendering means, bypassing the main memory stack of 
the host computing system. 

19. The computer system of claim 16, wherein incident to 
the processing of said at least one graphics data argument, 
the hardware rendering means performs at least one of 
reading from and writing to on-chip register storage; 

20. The computer system of claim 16, wherein said 
hardware rendering means further comprises a register index 
stored in the on-chip register storage. 


